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Introduction
ERTS project 321 is organized into three tasks, each with its own principal
investigator; (1) Forestry, Dr. Wayne Myers; (2) Agriculture, Dr. Gene
Safir; and, (3) Soils and Landforms, Dr. E. P. Whiteside. Due to similar
phenology and overlapping test areas, efforts in the agriculture and
forestry tasks have been closely coordinated. However, the soils and
landforms task is being conducted separately. The project includes two
subcontracts with the Environmental Research Institute of Michigan. The
objectives of the first subcontract are to apply standard multispectral
recognition processing procedures to ERTS-1 multispectral scanner data
and related airborne MSS underflight data, and to assist MSU personnel
in the analysis and interpretation of recognition maps and other extracted
information in working toward the goals of the prime contract. The
purpose of the second subcontract is to develop new techniques for estimating
the proportions of unresolved materials in individual resolution elements
by use of multispectral scanner data. Material from the subcontractor's
Type II progress report to M. S. U. is incorporated in the main body of this
report.
General Review of Progress During First Two Reporting
Periods (August, 1972 - November, 1972)
Both collections of ground truth information and aircraft underflights were
initiated prior to satellite launch.
Techniques of collecting ground truth information have been somewhat
different for the three tasks. Interpretation of underflight imagery has
provided the primary source of ground truth information for the forestry
task, with supplemental field reconnaissance being done as needed. Direct
field observation and 35-mm photography have been used as the main
sources of ground truth information for the agriculture task. Specifically,
biological parameters such as plant height, row directions and width,
percent ground cover, corn tassel color, and disease incidence were
estimated and recorded for numerous selected fields in the test area. For
the soils and landform task, the primary sources of ground truth information
have been maps and airphoto interpretation. Cooperators in both the
U. S. Department of Agriculture, Agricultural Stabilization and Conservation
Service and the Forest Service have also contributed to the pool of ground
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truth information. The A. S. C. S. efforts have produced a set of annotated
copies of enlarged airphctos showing the location and nature of vegetation
types on the holdings of landowners who subscribe to A. S. C. S. programs.
The program of underflights originally scheduled was completed. This
included RB-57 flights over the extensive test area on June 10, 1973 and
September 5, 1973, and periodic c-47 flights with the Michigan aircraft
over selected intensive test areas during the growing season. However,
the combination of lake satellite launch and inclement weather conditions
produced only one usable frame of ERTS-1 data during Michigan's growing
season (E-1033-15580 taken on August 25, 1972). Therefore, it may be necessary
to request supplemental underflights early in the 1973 growing season.
The receipt of bulk 9 x 9 ERTS-1 transparencies is currently running about
one month behind date of collection. However, no precision composites
have yet been received of any ERTS- 1 frames over Michigan. Computer
compatible tapes for the August 25th ERTS-1 frame were not received
until December, 1972. Since the original data requests for photographic
imagery were cut back by N. A S. A., it has been necessary to develop
a local classification and information retrieval system to maximize the
uitility of the available imagery among the several tasks and subcontract
personnel.
Preliminary analysis of the bulk 9 x 9 -inch transparencies indicates that
photointerpretation efforts will be much more successful on the precision
composites than on bulk imagery. Different vegetation, soil, hydrological,
geological, and cultural features show differently in the four bands, making
compositing necessary for accurate identification. Band 4 shows faint
highway patterns and wooded bands along waterways, but no feature is
resolved particularly well in band 4. Band 5 is the best single band for
interpretation of forest vegetation. Large woodlots (80 acres or more)
are distinguishable, as are linear bands of trees along watercourses. Forest
vegetation registers in dark tones in band 5. Expressway networks are
clearly defined in band 5, appearing in light tones. The appearance of water
bodies in band 5 is variable. For example, Lake Lansing appears in very
dark tones and could be easily misinterpreted as a large wooded area. In
contrast, Gull Lake in Kalamazoo County is barely distinguishable.
Band 6 shows water bodies very distinctly in dark tones. Neither highway
patterns nor forested areas register in this band. Agricultural field patterns
are visible in band 6, but bare fields could not be separated from crop cover
on the bulk transparencies. Because most bare fields were less than 20 acres
in size, soil patterns and landforms could not be identified. Large, cultivated
organic areas could be identified because of the great contrast between
the crops and the dark, organic soil. The appearance of features in band 7
is very similar to that in band 6.
?
3A composite of either bands 5 and 6 or bands 5 and 7 would appear to offer
good potential for interpreting and distinguishing forest vegetation, agri-
cultural field patterns, water bodies, and major highways or urban areas.
Since it is very difficult to superimpose 9 x 9 bulk transparencies in an
interpretable fashion or to construct maps graphically from the skewed
images, those phases of the investigations which involve photointerpretation
have been suspended pending the receipt of rectified color composites.
Progress Since Last Reporting Period (December, 1972;
January, 1973, and February, 1973)
As explained above, photointerprative analysis have been set aside pending
receipt of precision color composites. Attention is now being concentrated
digital computer analysis of data on magnetic tapes from ERTS frame
E-1033-15580 taken on August 25, 1972. As explained previously, this is the
only cloud free frame obtained over the Michigan test sites during the
1972 growing season.
Digital tape data for Frame 1033-15580, 25 August 72, were received by
MSU from NASA and delivered to ERIM on 3 January 73. These data were
screened for quality by some preliminary processing on the ERIM digital
computer. They were found to exhibit the same problem found in a set of
tapes for the same frame received by ERIM under another contract. The
problem is that one of six detector elements which generate the MSS data
in ERTSBand 6 (0. 7-0. 8 um) was faulty, and anomalous data are present
for Band 6 in every sixth line of data; otherwise, the data appear to be
satisfactory. This problem complicates signature extraction and data
analysis and, for some purposes, will restrict recognition processing to
three channels.
The primary test sites were located within the digital data, and line-
printer maps were produced for ERTS Band 5 (0. 6-0. 7 um). These
maps were used by MSU personnel to locate selected training and test
plots of known ground cover. ERIM personnel then designated these plots
by line and point number to the computer for extraction of signal statistics,
with care being taken to avoid boundary points. The small size of many of
the fields and forest stands complicates the extraction and analysis of
signature statistics and the designation of test plots.
Agriculture-Forestry Task
For the Agriculture-Forestry task, 58 plots were designated and ERTS signal
statistics were extracted for eight types of ground cover. These statistics
were subjected to cluster analysis; several plots were selected, and their
statistics combined to form various recognition signatures. For this report,
4the selected plots are called training sets, while the remainder are called
test sets. The "test" designation is not completely appropriate since
the signal statistics of these plots were analyzed in the selection process;
however, independent test plots are to be selected and analyzed later.
Recognition maps were produced for the intensive test area with several
different parameters and three ERTS MSS channels (ERTS 6 was excluded).
First, twelve recognition signatures were used (See Table I) and maps
were produced for seven classes with different rejection threshold levels,
that is, each observation was classified as belonging to one of the recog-
nition signatures and then tested to see if it should be rejected and categorized
as belonging to none of the classes considered. Next, seven recognition
signatures were used for six classes. The seven recognition signatures
included combinations of the pairs of signatures used for several classes
in the twelve-signature runs. A new class for senescent or senescing
vegetation was formed after consultation with MSU personnel; this class
is discussed in greater detail in a later paragraph where results are presented.
The recognition maps were forwarded to MSU personnel for analysis and
interpretation. Concurrently, a computer analysis of results in the 58
plotls was undertaken at ERIM.
The overall results of the first-look analysis of recognition in the
Agriculture-Forestry area are summarized in Table II for the seven-
signature, six-class recognition run with a rejection threshold proba-
bility of 0. 001. As noted earlier, only three ERTS channels were used
(4, 5, and 7). The values in Table II represent averages of percentages
computed separately for each plot analyzed. The overall percentage of
correct classification is nearly 83%. The average percentage error is
10. 5%, with 17% being Type I (i. e., missed classification, including
not classified) errors and 4% being Type II (i. e., incorrect classifica-
tion) errors. If "not classified" points are excluded from the computa-
tion, the overall average is 86% correct.
Recognition percentages are high for those vegetation classes that had
mature and uniform canopies at the time the data were collected
(Aug. 25th). Corn, soybeans, alfalfa, and trees met this criterion, and
were accurately classified, although only one alfalfa field was analyzed.
The class of senescent or senescing vegetation included observations
from field beans (11 fields), wheat stubble (4 fields), and grass (1 field).
These canopies were characterized by non-uniform distributions of dead and
dying vegetation along with some patches of more healthy vegetation.
For example, field beans had matured and begun senescing, while soybeans
and corn were more vigorous. Also, wheat stubble fields were dry and
5TABLE 1. RECOGNITION SIGNATURES USED FOR PROCESSING
A. Twelve-Signature, Seven-Class Runs
Class Signature No. Training sets
Corn Corn-A 3
Corn-B 2
Soy Soybeans-A 2
Soybeans -B 2
Tree Trees-A 2
Trees-B 2
Bean Field Beans-A 2
Field Beans-B 2
Alf Alfalfa 1
Gras Grass 1
Soil Soils-A 2
Soils-B 2
B. Seven-Signature, Six-Class Runs
Signature No. Training Sets
Corn 5
Soybeans 4
Trees 4
Alfalfa 1
Field Beans 4
Grass 1
Soils 4
No. Test Sets
16
3
5
0
11
0
Class
Corn
Soy
Tree
Alf
Senesc
Soil
6brown except for some that had been seeded to alfalfa or red clover;
these latter fields had patbhes of green growth among the stubble. The
wide variability within these vegetation types at this time of year
makes it difficult to accurately classify them then. Bare soil was
distinctive and accurately recognized. However, no test fields were in
the data set analyzed, so a definite conclusion should not be drawn yet.
The first-look analysis for computer recognition shows a good capability
for differentiating each type of vegetation that had a dense green canopy.
Bare soil was also recognizable as a category. However, recognition
was difficult in senescing or senescent vegetation.
The next step in the analysis of computer recognition is a more critical
evaluation of accuracy by cover type for all resolution elements in
selected portions of the frame. The following discussion presents an
example of this kind of evaluation for forest cover.
Figure 1 is a portion of the gray map for ERTS channel 5 in Chester and
Roxand Townships of Eaton County, Michigan. Figure 2 shows this same
gray map with the major roads delineated.
In Figure 3 an RB-57 color infrared photo has been used to shade in the
actual locations of woodlots. A total of 812 resolution elements in Figure
3 fall ini~the shaded forest area. Figure 4 shows a computer recognition
map of this same area based on analysis of the data in channels 4, 5, and
7. The cover types which the computer was programmed to recognize are
corn, soybeans, trees, field beans, bare soil, and alfalfa. The computer
was forced to choose one of these areas. In other words, there was no
residual category for unrecognized elements. Figure 5 shows the same
recognition map as Figure 4, with an X marking each element associated
with forest cover which was misclassified. Only 16 elements outside the
woodlots were classified as forest or "trees, " and these are probably
due to small patches of trees. However, 290 of the 812 woodlot elements
(36%) were not classified as trees. Most of these elements were situated
on the border of woodlots or in sparsely stocked areas. For the most
part, these border elements were classified as corn. Since the original
"trees" training sets were located in the center of dense woodlots, the
misclassification of border elements is not too surprising. As indicated
in previous tables, accuracy of classification on "test" elements taken
from the center of woodlots is on the order of 90%.
The logical follow-up to the analysis discussed here is to form a new
"sparsely stocked forest"' training set from these border elements that
were omitted from the "trees" category. The subresolution element
analysis to be performed under the second ERIM subcontract should
also furnish increased accuracy on these border elements.
7Similar evaluations to the one presented for forests will also be performed
for the other cover types, and analytical procedures will be modified
according to the results of these evaluations.
Special Considerations in the Soils and Landforms Task
Due to adverse weather conditions, the August 25 ERTS frame was the only
one available for analysis of soils and landforms as well as vegetation. On
August 25 vegetation covers most of the soil, a condition which is not very
satisfactory for identifying soils and landforms. Data collected later in the
year (October) would have been more satisfactory for these analyses. Spring
(May 15 to June 15) is also a satisfactory time (perhaps the best) for collecting
remote sensing data on soils and landfdrms. During the spring much of the
sbil is bare or has a sparse vegetative cover.
Bare, mineral soil areas were identifiable on the channel 5 (0. 6-0. 7 m)
gray scale map prepared from the computer compatible tape. About 5 per-
cent of the area had bare soil.
For the soils and landforms task, ERTS signal statistics were computed
for eight plots and combined to form four signatures. The signatures
represent (1) poorly drained, medium texture soils, (2) pporly drained,
organic soils, and (3) and (4) well drained soils from two different areas.
A relatively quick assessment of our ability to use the computer to recog-
niz'e soils in the soils test site was desired. Therefore, recognition
maps for different rejection thresholds were produced with only the four
soil signatures used in the computations. These maps were forwarded
to MSU personnel for preliminary analysis and interpretation, but no
parallel computer analysis effort was initiated at ERIM.
All bare soil areas in a portion of the ERTS-I frame processed were
recognized correctly on these maps, but considerable misclassification
of soils also occurred in those areas. Some large fields of well-drained
soils were misclassified as somewhat poorly drained and poorly drained
soils. Also, somewhat poorly drained and poorly drained soils were
misclassified as well drained soils.
A frequently observed phenomenon in bare, well drained soil areas was
the correct classification of well drained soil in the center of the field
and the misclassification of somewhat poorly drained and poorly drained
soils around the edge of the field. This misclassification may be the
result of the resolution elements covering a portion of the bare field
and a portion of the adjacent, vegetated field.
Bare, organic soil areas were separated from bare, mineral soil areas.
Water and some forest vegetation were misclassified as organic soils.
8This classification and other false recognition were reduced significantly
in a subsequent recognition map prepared with a greater probability of
rejection. This map had very little change in the recognition of soils
within bare fields. Landforms could not be identified from patterns on
the four gray scale maps nor from patterns on the recognition map.
In addition to the processing of ERTS data, multispectral scanner data
collected by the Michigan C-47 aircraft on October 19, 1972 for test site
III were processed to simulate ERTS-1 data. Video images of these bands
were produced by the SPARC. A two channel ratioing technique was
employed in an attempt to enhance differences within bare areas, within
vegetated areas and across bare and vegetated areas. The channels
ratioed included those which represent the ERTS-1 channels. The ratio
technique did not provide any additional information than that which was
available from color imagery obtained at the same time as the scanner data.
ERTS- 1 Channels Simulated ERTS-1 Channels
4 0. 50-0. 60 umrn
5 0.62-0.70 um
6 0.67-0. 90 um
7 1.0- 1.4 um
Ratios of channels observed were as follows:
0. 50-0. 60 um/0. 62-0. 70 um = 4/5
0. 62-0. 70 um/0. 67-0. 90 um = 5/6
0. 62-0.70 um/1. 0-1. 4 um = 5/7
0. 67-0. 90 um/1. 0-1. 4 um = 6/7
8. 0-9. 1 um/8. 7-10. 7 um
1. 0-1. 4 um/2. 0-2. 6 um
2. 0-2. 6 um/8. 7-10. 7 um
0. 33-0. 38 um/8. 7-10. 7 um
0. 58-0. 64 um/0. 62-0. 70 um
0. 50-0. 54 um/0. 55-0. 60 um
0. 33-0. 38 um/0. 41-0. 48 um
Plans for Next Period
The computer analysis of ERTS data on magnetic tape will be continued
during the next reporting period in all tasks.
Since the computer tapes have only been available since late December
and the receipt of precision color composites is still uncertain, we feel
that specification of a detailed plan of work for the remainder of the project
period would be premature at this point in time.
9TABLE II. SUMMARY OF RECOGNITION RESULTS ON A PLOT-BYY-PLOT
BASIS FOR 58 PLOTS, ERTS FRAME 1.033- 15580 (6 CTLASSES,
7 SIGNATURES, 3 CHANNELS (ERTS 6 EXCLUDED), EVERY
6 TH LINE DELETED, 0. 001 PROBABILITY OF REJECTION)
Table II A.
Average Percentage of Class' Plots Assigned to Listed
Recognition Signature
No. No. Senesc
Class Plots Points Corn Soy Alf Tree Bean Grass Soil
Corn 21 481 84.27 0.55 0. 1.3 9.85 3.85 1.35 0
Soy 7 96 1.43 85. 72 3.42 3.81 3.83 0 0
Alfalfa 1 12 0 0 91. 67 0 0 0 0
Trees 9 288 11.95 3.52 0 83.95 0. 19 0. 39 0
Senesc 16 306 17.30 7. 78 10.01 0 50. 72 9. 78 3. 3(
Soils 4 56 0 0 0 0 0 0 91. 6
TOTALS 58 1239
0
7
Table II B.
Summary of Percentages (Averaged Over Plots)
Correctly incorrectly
No. No. Not Assigned Assigned
Class Plots Points Clas'd To Class To Class
Correct,
Average Excluding
Error Not Clas'd
Corn 21
Soy 7
Alfalfa 1
Trees 9
Senesc 16
Soils 4
Averaged Over
All Classes
481
96
12
288
306
56
0
1. 79
8. 33
0
1. 11
8. 33
84. 27
85. 72
9]..67
83. 95
60. 50
91. 67
9.04
2.94
3. 28
4. 19
3. 52
0.98
12. 38
8.61
5. 18
10. 12
21.51
4.65
84.27
87. 28
100. 00
83, 95
61. 17
100. 90
3.42 82.96 3.99
Ir
10.51 86. 11
INTECER RPNGE VCLTAGE RANGE SYPBCL IC
C 14 .0000 14.COCO I
15 15 15.00O0 15.CCCO X
1 e 1 .00c00 16.CCCO F
17 17 17.0000 17.CCCO I
1E 19 1U.0000 19.COCO
2C 2C 2C.00Qo 2C.cOCO
21 22 21.0000 22.CCCO b
23 24 23.0000 24.C0CC -
25 511 25.0000 S11.CCCO
148C X=--=*x*=**xx.= - .*.==.=== :=5***-SX*..
1481 6*. 'E666:'0*=. =*- VF.*F E6GO6*,**.B3liMM *m*==.*g.U X*.NmU
1482 :*=-=. '* F*Xmf- - e,6~$X8***f*-***==651=1*6W
148e XX3 *.=:,-,-,IXX{XI*XXXIX: 'IIXIg'.III*IIIo*Im:IXNXtiX:=
484 111IEElIEIee1eMeeFe6 6E6, =u6egsI{**** 111 III* II'o**IBglI*
1485 WSX#XXXXxNXIIXNIXXlX5XxxI..=XNIII:IXB{Wl IIIm =*IBIIB51{{
1486 IXSIIIS*.5x tS$RX*XSXl5tX=.lmIII3I..*.ISlI*eeoXX3X*XlMNXN
1487 5II5CECEu6XXnXPXEXXXM XX~X,,mIlIX61:sB"*SXIXsXiX#Xse6X
1488 NXIII6X Ne*eXXxeessggsXXXxgpguuIgIIIIt X#XXIG6
1489 NXXIEI I :==*=: *I XXX, NX .3X5Xi1NBI-X9IMUtXtUI XX51 XX. IXx
1490 CIE-... =oEEl.er5sff5!EgSUUS5,e 3l ~g5gll(ggES
1491 a#,--=:=:=.,x!s$Smxx*: IXX~StS~SI:II~II-ISII |$gII=.:,:
1492 tll. = .. *$ll **§ I*XXI* =
1493 35*. -i* =.-=== s-::$xE **XX XXX:*=XX~XXo=*:.-.
1494 {I*. -- =:ttI!I.*iXXe t!*****t*6XXefe. t8XIXt*e56{XN KX =.=.=
1495 3I".'tttlIt6"'*'***.-=X.."I"4*.ttlXlOIIOI=*-I--. IIXXI-...=.=.
1497 IlMlllElell.NEIffIe -='I: =. EEEEII=*e...=lzl=l:-.* .I INNt
1497 llX=.,xlXXlXlxx=..lxl=. iX-Xl==- =-== =*= IlX
149q Nui=-=iXXlX=...X:Xt#..i.=oXX MoXX,: oXel ===.-..-..o.Xtgll.,XXXX
1499 .... E*e6.a XEXCU=..Eex.eXN~e*****..=.*e$ gI eN=.
150C1 CIISSo=ai*.i*XXX I.. := *:*I#*I**|i**tli!*IoXItIllllle,-
15C02 IEE$1le I =**=8111 : I 1===.:E:::lII I : u1111 s s slIe*iGee
150C XI** .......:==IX* ... : " *iiItXillII'XXIXI$*XXI~SlSXIIXX
1504 -.--------.=*XX.XlN.*S.*NI*Xu*le.XN#tlBXXi x=-.X
15C' -. =*.EXxE6xExExs $x.:=..:=$ESF.eG*.exxx,* .XX
15CC EMXSXNEXE*. ..*. :=i (XXX= -- 6xCeE6XBSS IRSB!XE6e6- .=*:*
1507 WX# xlXllt*=-*Ieilm l*#lliX;XSMI *Ii*..==..=.!
1508 El6EeusinE....t*I.*ISEEEE35F55 *3553*=*.==..==- =*
150C9 NI=:XXSXXlSx=.=.=lx*XIxXlII X!1155155515it..==..==iII##xNN
151[C NwXN*XlxX$5Nf*.-.-m*X'~iIimii.53$$EIBI$II*lUi-#i..I5-...X
1511 **6EXX#XXX#: =.=:6:bX EE.66X6X$ISM6XXNXIXNXNe..*-..-
1512 I--XXXXE6XtXXX==.:*X-.X-IXII66XIXI$ISXSN IINXNXKIIN.t.*-
1514 Ieil * Iem.15mmm :=+ =*EeC l. EIE3IEI 8 $!$@11111ISIGII=
1515 *lSlNlxoI{EIBI {IIX,.:=I:,IIXII-I..XXINXXX#X#5Xti III!IXNX=.=.:
1516 lIX-.i*Xt l$$N3$X*!5.. ::,==XXXNXXMi. S $UXSXXEI 5 #N) *XX.N XX*#,
1517 ItE.:*'el8$5BItIIS MX*==.=**XECe6X8CC6X$X*N6-.*XXXXEXCE*XeX*
1518 IXiN..i.XEP{{{:.=XX*,:'uC6GXlM68XCex8e.s. -6e-e6-===-
1519 XlX=-*I*:=.o'I'*1'i... *11iiXX*.IItlXINii*Ii.i=iX.lN.===-..
152C Ell.*'1:I=-=:I IIl*..I1l'"I0I65 6etE''I't-=11-=:1 1,o.-=_Il
1521 Illll..l..- IItlxx*..== X====,XXXXIIXlI- ....-. .=i 
1522 *I$Xi*==*. : x=: -4*****i**le0ilXXXXI*t==:*So..====
1523 *XMIN.EE**-= - . - * *e6* .-=*xeeex..
1524 =XXXX= IE*i*.=:F£ 8--:..**4XMeC*. **=:ee*,*ee$x See***e*..==lo
1525 -=11*==*-.:xlll*.=*.*"l{{Xli.=**..*lX-. =lllll l*=*#
1526 .II,1'e$1- -EE666 *==..=:lete1.=***=.IeI.$1,*{e6$1111ui-g
1527 XISNNIXXXM. *Xx..·..§llXr *=.lnll
1528 XXIXN-x*xS .Xm '=3'."$3$5$55***...:$S$$5SI15*$SX$X#gI
1529 .=:*- --*Xe .e1:*:E=t=*E$E$$$ $.=:e*"$5$$XI$#e.***EN*e
153C 0.:' -- *:==E:6XXsX=:*X65S$X=*XXXi,*X1,t==
1531 N11' .** -===:x:ISX=: : xI3$$$S3 $tX$$$$XftltlN*IiI.ol. =.:
1532 $$CEE. -..--=: 61tt'165§ 35555 s55555m$l$e6e688160l-- -:111*.
1533 #$N{i. ==.-=: I,=xX**tII$g33S3$i$$$$$$$ xxsuNXXI-o=II= -.1'=-1
1534 I5551" -:===..: =*=-*.==**.x$'$$$$IS5X.*X*XX**#-==::-..--#Xie
1535 3NEEo--a.=gie.-= =
1536 IEEE*E. .=E· ,-- -,=*==,:$S$S$${$x:.E*8EiXPeCe~eo X -,..X155
1537 IXXXIXI- *.=I*I:=I:=-=****.$l$SElrl =Il*ll -*....===:lll
1538 ESE$EII= *''=eIt &1'I.. .=:EC$bSSS1 .6*111115585..:===.ess
153S9 XlIIlX=..: .XIJX !.$I$5$1*. =4't X1#5 =--,=lXX
154C 4XX$SXX*..*XR$$*=*X* XXX.*= *$$X..=,-= ****.#l$$$$*'***X$$
1541 6XEEXX''--E6{$$*3r e".4.ftf$.=--N*-.-,*-,*66*5eu6EeEeeN$$1#N
1542 .#X6'E.E XI{{66X*I=o"XXE::==.:=-.*60*.-XX89NeX68XNX6XX$IXXX
1543 I...,**X..X...5SNXX XXXXXt!lN.10-:- .***I*IXX***--**!JNI!X lNI
Figure 1. Channel 5 gray map for portions of Chester and Roxand Townships
in Eaton County, Michigan.
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Figure 2. Channel 5 gray map for portions of Chester and Roxand Townships
in Eaton County, Michigan with major roads delineated.
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Figure 3. Channel 5 gray map for portions of Chester and Roxand Townships
in Eaton County, Michigan with actual locations of woodlots shaded.
INTEGER RANGE VCLTAGE RANGE SYMBOL IC
C 1C .0000 1C.0000 e CCRN
11 20 11.OC0o 20.0000 - SCY
21 4C 21.00G0 40.0000 I TREES
41 50 41.0000 50.0000 * BEANS
51 6C 51.0000 60.0000 SCIL
61 70 61.0000 70.0000 I ALFALF
71 511 71.0000 Sl1.0000
1480 E*... **E8*" *  ,a 40* ,* e8e81* e e . .e688E
14e1 EO...*6..**I~ .* **** ..* .* emeeeeeee..* .* . 8.8. .ee8e
1482 E*4...*ee***4 . *- .e.... .**eeee6ee***.e**o eeeee.eeee
1483 6f* * E........*** eeeeee..e
1484 *e6e EE6et--"6 ***** .....- ...,e**888e*****e* eeee..88
1485 eEIeF3IEqi i---ieEG**6*6e.*****eegmsI*eeg
1486 ...6E.E.E6 .EEe*E*6*---e eemussm G.e68e****6'ee eeeeeee6
1487 .85.8EEE- .EEEC-6ee--- , e6Be. 6!_.eF8mmme~*Bee8868 -668e e eeee
1488 E6E1E6ee .e.*-*ee8 I _.ee.BeeI SSIIIIIESlfE GG Ee61* 86ees6eee
1489 EeI6e*.. * .* 6*8 * 8*-- * e"..susLul33.6III1 8 eeee6868ee
1490 Eme . 0 * 4**Mu98Ee*eeCs85EeeRe*66e*6SUI53*& eeeeEee
1491 C'e6.' ,.0,mEIImmwfSimE***.ee!g!mm6.I3 e..8m8mIIeIE.6 *..***
1492 .16E. E * mmm 6 *' * u*"B5! 65E5 -*.*. e me "1e m m 6 e.6..*e °* 
1493 Eem..'.". ¥meE.pEli.se,*e***eQEeeee*.eeo**eeeBe68-e *...oo
1494 6* ... ** 1 4 uiE6Ee*.*.o...eeEeGee888*e.e.-66eee* ... *-*
1495 l**r***** *\"***. .*e******E..eee8.***i*.*4 *.ue. **4 ..**
1496 *mE**e...**6 efee8..eo.* ..*eEeEe .6.*B*e.*.**.***\
1497 E-6CIE*68*4* { ~8 +6I **..66*6**{*-6*6i'*****'***'** ee
1498 .***. -· · *e.. * ... EE4 '*ee. ·o. *-- *-eee. eeee
1499 i e Eee. .EEeEe **rr.** eeee-e..
1500 CC... *8·* EEE*..*** Fe******.*eeeeee*4..
1501 EI4E *eeee.. - .. *Ce***********6SII66G* .
1502 *e.**t* 8'* # l. , C.e..e*****-{bGeeB*
1503 *-***'*,* *wT# ***#,*,*.68*'S.I**9eCeeeee6EeeCeC *8l
15045 .- E.-el 66 eeEe, *.**,*-*Eseee*eI!**~*!ee!"*'... --
1506 E6 EEE*** ** ..*EFE** .... ,-''...... *
1507 EeeE66e*E*8E,*-, *4****E*,.ee.e*e6Ee*EeIsI*-.. ..'--*** g
150e8 EEEeE68EE' -$ eeEe6eeeee 6ees$r3eIge.* ........**. e
15C9 e**EE6eeee8eEE,,** ** $EEF,,e--8e3EIIemtSlgS ee**-e*. . 88*eee6
151C E6C.S6C6E*E,...*- EEEE*,,*.**e U$. $S56669E3***8-..CeC*
1511 EBeE 6eEeE, *e5Fr: * ~ ...e88ee8eee 8eee88ee 68.ee.eee...*.' E  86~,**
1512 E.*f.6EreGeeE'EC6 . * **\F*feeleeee36IIlE6eeeeeU6a"eoese8e.
1513 .e.6*.*.*.E*5$Ee6 *6* ,..6e5e,.8ee6e*eEe*88eeeee8666eeeCC8,8
1514 .E66eG*Ee86{e1B{8m .'Am,..,,***,.IO**@88ieeI666...6eee6EG6*'
1515 6.E***e.,Eul5E$gII5 EU .5****-Ee .**;ll8e6eeeeee6'88E'8....'*
1516 --E-E 68** 1* -
1517 16,,,,*8{$St5 66R.,*\**,*4*9*** 8 *I990**G* CCiC66C6 EgJ'
1518 Ne.E-** E6e**E*§ee3E-EE& *{...
1519 EIEIste**ei.*Ee.**E t*** *o....*8E.*E *eB*** -J'*e.E***o..***152C E6,,**-**.**'**** *****6 . **~*. e*******..*'8'1520 £eE6I*4*** ... ,.,... ...e ..... *Ei-*--**... ............... . ......... ** ***1521 EeE6,*,******** ....... Ef\E --*-8- -. -*-*_ _ -{8 *....
1523 .*E-E*,-*E-**----*- ..... ...-*-.--*_* ***e.***,.
1524 *8el--* t, .... .'L....
1525 -- ….-
1526 --... …*-----.***,Eeee66..E..eeEe
1527 -.... *----.E*. *...e66e*.....e-ehegse hhe I
1528 -11 I,,EEI*.---EE*.****IIIlllm * FFl.e.e
1529 ·'· 8·-66r+lltpiiiiiieee~153029 ,.., 6.. *--- E. .***'6f1111 me. .... 11118e eeee6...ee..ee
1531 It* ",*'-. * '* * --3It* O..4EIIIIumISE IIIIIe,*-*-**,**,*e,**
1532 i*MEE*.. 
1533 EE86I*.***.- .a.e.C.. ii*i* .ii iIe111111f..Ie6e--**...
1534 Illeli*..4.*" .... .+6ii*iSimIES IEb-e6.e.*****.....-..*-i-*1535 1* . ,.. * ,i./.6,$!l9ME*e*ee*eee*** .e...-..**1 _ _
1536 EI4*..*.*. e -
1537 t-11.6.* *****,§*e++9 ******smm*E..**o**o....*** .?.. .
1538 l-ll***..; . .*e.H.** ***EIII$smE...t**+*******-J- **.e153S i M--M..9.li;.Ime9e9e*Sg_ emem sE.*. .... -. 4emme- **..eeeeee
154C *i IIe - E6,. ;Fem***e*emm' .j*e-e m***** Ieleee*e**Geeeefl
1541 i -- l.** *eS5uE**8.E** ME * s...*e. et....E eeeeee
1542 *liiC *eBIE *e*eeee* *.* e8**e eseeeeseee
1543 .****.* *9,.,EMMF95RE# *'* . .. ... ee 8eel..
Figure' 4. Six-category computer recognition map for the area shown'in
figures 1 - 3.
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